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H—WW: 4t generation models t

4th Generation of Fermions: t

Gluon Fusion:
= Heavy t’ and b’ quarks : ) :
= Heavy neutrino = Higgs is production: quark loop

- * In SM mostly top contributes
=M Iter EWK constraints
Ay afer €0 ! = |f 4t Gen exists — enhanced by ~9

= Branching ratios change too
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» Exclusion range 123-202 GeV/c2 - Previousresults: (GeV/c?)
. Expected: 125-218 (CDF+DO0),

« Expected: 129-212 GeV/c? 150-190ish (CMS)

_  Observed: 131-204 (CDF+DO),
* CDF by itself comparable to Tev 144-207 (CMS) )

combination




DO h,: Fermiophopic ¥
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Higgs

. No fermion coupling: WH, ZH,

VBF

. BR(h;—=vyy)=6.2%, 33xSM,
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MSSM SUSY

. Two Higgs doublet fields H,, 4 couple to u- and
d-type fermions

. tan p =<H, >/<H > enhanced
. 5 Higgs Bosons: HY h9 A% H=

Light Heavier
SM-Like Cross section tan? 3 enhanced
hO 14 b} HO AO
HO ¢ ho A0 | Degenerate: x2

M, <135 GeV/c? | tan? =507 x2=5000: fb — pb!
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. Production:

. Decay: ¢° =1+t (10%) ,$° — bb (90%)
. Detection:

b+(I)O — b+bb: Measure M, , and separate flavor

(I)O (b) =TT (b)+ charge conjugate it
L wvy, evy, v,

e'v.v, h'v.  h'v

Measure Visible: M M M

eu CTh UTh




[ m,=91GeV/c?

\ MSSM Higgs—tt Search, CDF Run Il Preliminary
( b )(I) —_— ( b )"CT 14E MC simulation

%10 m, = 115 GeV/c?
m, = 200 GeV/c?
/ — 1t
T CONC 2
[} ° 0 __ 1 |
0 50 100 150 200 250
\ ¥ 1solation/ o Gevin

. Main backgrounds: Z — tt, W+jets, dibosons
. One tau: semileptonic, p; > 10, 20 GeV/c

. Other tau hadronic (CDF+DO0) (and v,): pt > 10, 20 or
semileptonic (CDF) p; > 6,10 GeV/c

. Hadronic : Cone or NN Score (D0) with =%, 7tn®, 3-prong

. Reject non-tt background

- Lepton and missing energy inconsistent with W
— H; cut (CDF) or M+ (DQ)
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B-Jet |dentification

Jet

Displaced tracks

>

Decay lifetime A/

Lxy // econdary vertex
L.

Primary vertex »

/
5
do> v

Prompt tracks

CDF : displaced vertices with L, /o cut
Vertex mass separation

D@ : combine vertex properties and
displaced track info with NN

Tag to ) beyond 2

b-tag efficiency

b-Jet Efficiency (%)

SecVix Tag Efficiency for Top b-Jets
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05 Loose SecVix
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fraction/(15 GeV/c

fraction/(15 GeV/cz)

CDF 3b Channel

BaCkg ro u n d CDF Run Il Preliminary
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Event Selection: 3 b-tagged
jets, E;>20 GeV.

Search in mass of two lead
jets m,,

Backgrounds are QCD
events with two true b-tags,
and a b/c/fake tag

Characteristic m,, spectra

Start from bb+jet data sample
(corrected double-tags),
weight events by flavor
hypothesis

Fit the observed m,,
spectrum with the
backgrounds and a Higgs
shape



Displaced tracks

A
econdary vertex

Decay lifetime
2
Lxy »

4 74
J

1
do v

Primary vertex

Prompt tracks

Improve prediction of total
background m,, using
invariant mass, m;, of tracks
In each vertex

g®
+-—
e -\
0 - m
0 3 0 9
m3 Xwgs

Unstack into 1D variable “x,,s" for
plotting/fitting

m,+m, : bbb+bbx / bcb+bgb
m, : bbx / bbb+bcb+bgb

events/(1 GeV/c?)

fraction/(D0.2 GeV/cz)

- CDF 3b: Extra Discriminant

CDF Run Il Preliminary
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MSSM Interpretation

g b m, = 150
o 0.1:— H|ggs ” tanf = 4
oo gets fanp - 120
0.06 [ W|de| tanf = 160
0.04 —
0.02 E—
0 60 80 100 120 140 160 180 200. . 2;0 . ‘2:1().
m (GeV/c?)
Include effect of Higgs width
(~20% for tanp = 100)

Lose sensitivity (lower S/B)
Lowers event yield

Best limits obtained in
scenarios with u < 0 (loop
enhancements): sensitivity
tanp = 60
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tanp

Fold in
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Check background prediction:
DO 3b M,, for D<0.12

- b) 3 jet w 5.2 fb"

1600? High-mass likelihood
1400
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Also Derive background shape
from double-tagged sample

Uses two 6 dimensional likelihood
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low (90-130) and high mass ¢
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CDF Hidden Valley

Higgs decays to HV
particle with ct ~ 1 cm:
modified Vertexing

Each HV decays to two b’s

A 4D final state: require 3

Trigger, Calibration as for
MSSM bbb

Cut on variables based on reconstructed vertex:

C: HV decay length
W: Jet Impact Parameter

Signal: Ty >0, QCD bb BackgroundCp ~0

’
s
HV.”
s
/

HVS
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. Tagged Dijet Zeta2d
DF Hldden C I T '|""|""+ocobbnc
CDF Run II Prellmlnary Lum 58fb# 1988

Valley { .. Predicted HV" EW

° [ decay - [AM mmiii
.. length M R
Results: 1 event, 0.3-0.5 m !
expected; show for various B .‘.[.H | I ”lﬂt ]
lifetimes, Higgs masses, e I IIHMM { il "

and HV particle masses

Tagged Dijet { CDF Run Il Preliminary Lum = 5.8 fb!
T T I T T T | T T T | T T

¢ (em)
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£ s
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o C
fg - —=— Pseudo Jets L O ST [ +10Expected
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Summary

. CDF and D@ are looking hard for Higgs bosons in a
variety of models beyond the standard model using
advanced techniques in a harsh environment.

. Results today use 2.4-8.2 fb¥ MSSM: sensitive to
tanp ~30. Full dataset, combined results could be
sensitive to tanf ~20.

. 4t Generation excluded by CDF alone for
123< m, < 202 GeV/c? , CDF+DO0: 131-204 GeV/c? .

. Fermiophobic Higgs: When we find it, DO says it has
to be M,>112 GeV/c? (CDF M, >106 GeV/c?)

. Hidden Valley explored but nothing seen yet: need to
do more exploring.
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DO and CDF Detectors
///</</ \\\\ Solenoid @ - ‘ s \(Td

Silicon Tracking

Silicon Tracking
Open drift Cell Tracker

D@ Detector

Silicon Tracking

Fibre Tracker

. L Ar Calo. |n|<4 . Scintillator Calo. |n|<3.2
. Muon: [n|<2 . Muon coverage |n|<1.5
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Tevatron Lumi

? K
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Jet

displaced tracks

reconstructed?

\_ J
decay lifetime 4 B
Loose Secondary vertex
ny/,;/
primary vertex Vo ’Wltag |
Q. t
do Jet Probability?
prompt tracks NN Tagger?

. Tag Efficiency: 50-70% b, 0.5-5% = 2991N9
light quark

. Orthogonal event samples

. Form matrix for 2 jet: Tight-
Tight, Tight-Loose... Single Tag.




tanf=2
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100 200 300 400 10”1 700 200 300 400
M,, (GeV) M,, (GeV)
via top loop $° = h/H/A

H = SM Higgs here, H = A or h/Hz



Ty Thaa T T, Thag ChaNNels
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95% C.L. upper limits CDF Run Il Preliminary (2.2/fb)

expected limit
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2 band
observed limi
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95% C.L. upper limits

CDF Run Il Preliminary (2.2/1b)

S
o

-
N
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o(pp—H+b,,)xBR(H-bb) (pb)

IS
o

N
o

expected limit
1o band
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observed limit

180 200

m,, (GeV/c?)
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ltems not covered
Doubly Charged Higgs:

DO: M(H,_ **~)>150 GeV/c?, M(Hg**~)>127 GeV/c?
CDF: M(H, **7)>133,136,115 GeV/c? (ee,eu,un), M(Hz**)>113
GeV/c2\
CDF: LFV et,ut: M(H*~)>114,112 GeV/c?, long lived: M(H, **~)
>133 GeV/c?,
M(Hg**)>109 GeV/c? ,M(Degenerate)>146 GeV/c?

Charged Higgs:

Direct search for decay to cs: CDF: B(t—=H*b)<0.1 to 0.3
60<m ,<150 GeV/c?

Direct search for decay to tb -> Wbb -> Ivbb: tanp of order 1,5,10,
180<m ,,<300 GeV/c?, 6 x Br 14 to 5 pb

General search for all H+ decays considered in top decays.
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D@ Runll Preliminary
g 0.5f

o .
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°o = 2 — =
Breas 160 Excluded 95 %CL m,= 175 GeV/c [Ldt=193 pb 160
: —— SM Expected
140 E SM = 1 ¢ Expected
Search in top decays SR [ COF Run Il Excluded
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t = H'D O
G100
D : ration of cross Eﬁ:
sections |+jets/dilepton 80
. o 60
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10” 10 10°
tan(p)

CL (for H* — cs) 35
- Mgysy=1000 GeV/c 2, p=-200 GeVic 2, A =A,=N6Mg,s,+p/tan(p), A .=500 GeVic >
M,=0.498*M ,, M,=200 GeV/c , M,=800 GeV/c %, M ;=M =My=Mc=M =Mgqy
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